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Abstract
Background: Writing plays a central role in the communication of scientific ideas and is therefore
a key aspect in researcher education, ultimately determining the success and long-term
sustainability of their careers. Despite the growing popularity of e-learning, we are not aware of
any existing study comparing on-line vs. traditional classroom-based methods for teaching scientific
writing.
Methods: Forty eight participants from a medical, nursing and physiotherapy background from US
and Brazil were randomly assigned to two groups (n = 24 per group): An on-line writing workshop
group (on-line group), in which participants used virtual communication, google docs and standard
writing templates, and a standard writing guidance training (standard group) where participants
received standard instruction without the aid of virtual communication and writing templates. Two
outcomes, manuscript quality was assessed using the scores obtained in Six subgroup analysis scale
as the primary outcome measure, and satisfaction scores with Likert scale were evaluated. To
control for observer variability, inter-observer reliability was assessed using Fleiss's kappa. A post-
hoc analysis comparing rates of communication between mentors and participants was performed.
Nonparametric tests were used to assess intervention efficacy.
Results: Excellent inter-observer reliability among three reviewers was found, with an Intraclass
Correlation Coefficient (ICC) agreement = 0.931882 and ICC consistency = 0.932485. On-line
group had better overall manuscript quality (p = 0.0017, SSQSavg score 75.3 ± 14.21, ranging from
37 to 94) compared to the standard group (47.27 ± 14.64, ranging from 20 to 72). Participant
satisfaction was higher in the on-line group (4.3 ± 0.73) compared to the standard group (3.09 ±
1.11) (p = 0.001). The standard group also had fewer communication events compared to the on-
line group (0.91 ± 0.81 vs. 2.05 ± 1.23; p = 0.0219).
Conclusion: Our protocol for on-line scientific writing instruction is better than standard face-to-
face instruction in terms of writing quality and student satisfaction. Future studies should evaluate
the protocol efficacy in larger longitudinal cohorts involving participants from different languages.
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Background
Scientific writing is the primary way used by researchers to
communicate their findings and project ideas to peers and
the general public. Essential for determining their career
progress and sustainability, researchers might fail in situ-
ations where their science is good but not communicated
in a clear and persuasive manner. [1-4] Although multiple
previous studies have compared on-line and traditional
training methodologies, [5-10] we are not aware of previ-
ous studies comparing different methodologies to the
training of researchers in scientific writing.
Traditional methods of instruction such as classroom
training, seminars and workshops, are inherently inflexi-
ble in terms of scheduling, location and customizability.
Moreover, they are often perceived as outdated, boring,
impersonal, and inapplicable to the real-world demands
of the workplace. [11-15] Writing in collaboration tends
to be superior to writing in isolation, as individual
strengths are pooled and deficiencies improved, [16] hav-
ing also been shown to increase publication rates among
faculty members.[17] Although shared collegial authority
is a feature of collaborative writing, [18] geographically
dispersed teams face significant barriers related to dissent
on content, hostility within the group and disagreement
on strategy.[5] In addition, divergent backgrounds, asyn-
chronous feedback, and communication issues all can
affect a group's progress.[6]
The need for new instructional tools and techniques to
overcome these limitations [19] has resulted in the rise of
distance learning, e-learning, and virtual simulation. Dis-
tance education is promising since it is independent of
time and place, reducing dissemination costs, multiplying
learning opportunities, and eliminating travel time and
related expenses.[19] For example, rather than having to
follow a rigid class schedule, distance learners can receive
course materials at home, enabling them to review mate-
rials and complete assignments with greater flexibility.
Distance education is most useful when students and
teachers are physically separated, requiring a technology-
dependent interface.[19] As an extension of distance edu-
cation, e-learning involves the delivery of course materials
and the completion of assignments via the internet, fre-
quently using streaming media (audio/video), live Web-
casts, hyperlinked data and various other communication
tools such as chat rooms, instant messaging, and video-
conferencing.[20] A recent comparison of Web-based and
face-to-face graduate curricula favored the Web-based
course in terms of lower dropout rates and increased flex-
ibility, affordability and attractiveness to students.[9] In
addition, this evolving methodology allows for time/
space flexibility, [21] wide accessibility, frequent contact
among students and teachers, [7] and individual custom-
ization. [22] Potentially improving interaction, collabora-
tion and feedback. Despite its advantages, Web-based
learning has drawbacks, including feelings of isolation,
frustration with unfamiliar practices, [8,20] lack of neces-
sary infrastructure, and new costs associated with on-line
courses.
Despite the paucity of evidence supporting its effective-
ness in scientific writing instruction, a substantial increase
in e-learning seems inevitable. It is therefore imperative to
compare its efficacy with traditional instruction. This may
ultimately contribute to the improvement of e-learning
methods. Previous studies have compared Web-based and
traditional classroom instruction. However, these studies
have focused exclusively on student performance, [22,23]
internet-based degree and certificate programs, [24] reac-
tions of college staff to surveys, [25] and student
grades.[26] They have also been applied narrowly to grad-
uate-level courses in learning disabilities.[10] These stud-
ies did not address the specific issues surrounding on-line
scientific writing instruction.
Our study used a randomized controlled trial design to
compare on-line and traditional methods of instruction
for training novice researchers in scientific writing. Out-
comes included measurements of text quality, participant-
mentor communication events and participant satisfac-
tion.
Methods
Participants
Participants were recruited from second and third year
programs in medical, nursing and physiotherapy schools
in the United States and Brazil, all receiving informed con-
sent prior to the initiation of study activities. The study
was approved by the Institutional Review Board at Duke
University and conducted between 2005 and 2007.
Inclusion criteria
We recruited novice researchers with minimal previous
scientific writing experience and no previous publications
in Medline indexed journals. All eligible participants were
enrolled, with no further exclusion criteria.
Sample Size
Based on a pilot study of nine medical students writing
manuscripts with our research group http://www.resear
chonresearch.org, we estimated a standard deviation of 15
points in the SSQS. Assuming a 20% difference between
groups, the minimum sample size was estimated to be 22
participants per group, or 44 in all. To allow for attrition,
our final sample size was set at 48.
Randomization, Sequence Generation and Concealment
Random numbers were generated with GNU-R http://
www.r-project.org/, using a 1:1 proportion, blocks ofBMC Medical Education 2009, 9:27 http://www.biomedcentral.com/1472-6920/9/27
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eight individuals, and stratification based on program of
origin (nursing, physical therapy, and medicine). An ini-
tial randomization schedule was generated for 48 partici-
pants, followed by a sequence of size 15 to account for
dropouts. Group assignments were placed in sealed enve-
lopes and revealed after participants had signed informed
consent. To ensure bliding, assignments were disclosed to
analysts only after the results had been delivered. After
stratified randomization, half of the pairs were assigned to
the standard instruction course, while the other half were
assigned to the on-line group.
Interventions & Implementation
Participants were randomly assigned to one of two set-
tings: standard writing guidance and an on-line writing
workshop.
On-line writing workshop group
In this group, the primary tools of instruction were Pow-
erPoint presentations and audio conferences, supple-
mented by email, Google Docs and writing templates.
Instructions for installing software, using Voice Over the
Internet Protocol (VoIP) applications http://
www.skype.com/ and working with manuscript templates
http://www.researchonresearch.org/?q=node/14 were
provided via email and PowerPoint presentations. Partic-
ipants wrote their manuscripts using the Web-based word
processor Writely (now Google Docs – http://
docs.google.com/), and used VoIP applications, instant
messaging and email to communicate with their mentors.
After an initial session of instruction, mentors contacted
students twice a week by email, with virtual meetings
scheduled as needed. Students used customized writing
templates, populating their manuscripts section by sec-
tion in pre structured layouts. Templates were available
on-line for reference. Google Docs, an open-access, Web-
based word processor that enables collaboration among
any number of researchers, anywhere in the world, was
used to write, review, edit and share manuscripts. This
application allows for synchronous as well as ashynchro-
nous collaborative writing, allowing multiple users to edit
the same source document, with a user-friendly interface.
It archives previous versions along with details of the revi-
sion history, which allows users to compare versions of a
document in different stages of editing. The on-line writ-
ing workshop group procedure is diagrammed in Figure 1.
Standard writing guidance group
In this group, topics were assigned in a classroom setting.
Participants could ask questions at the time of assign-
ment, and they could communicate with instructors by
email or conference call when necessary. Mentors, accessi-
ble by appointment, were assigned to each pair of partici-
pants. Together with their mentors they selected topics of
mutual interest, sometimes complying with existing
course requirements. Participants worked independently,
using concepts and materials presented in class and con-
sulting mentors by telephone. They used standard, com-
puter-based word processing software such as Microsoft
Word http://www.microsoft.com/office/ or Open Office
http://www.openoffice.org/ to write their papers.
Mentor allocation, research question assignment and
manuscript writing were executed in the same manner in
both groups. In both groups, pairs of participants worked
together to complete either the Introduction or Discus-
sion section of a manuscript. On-line course materials
were in English, while mentor support was provided in
English and Portuguese.
Outcomes and assessment strategies
Outcome variables consisted of manuscript quality and
self-reported participant satisfaction. The quality of each
manuscript was evaluated according to well-defined
parameters using the Six-Subgroup Quality Scale (SSQS).
[27] [see Additional file 1]. These parameters assessed the
manuscripts' structure, application of research principles,
and sequential flow of information. For manuscripts writ-
ten in Portuguese, a bilingual researcher (RP) ensured that
evaluations were cross-culturally consistent. Self-reported
satisfaction with the overall training experience was meas-
ured using the Likert scale, with participants responding
to statements on a scale of strongly disagreeing to strongly
agreeing. Post hoc analysis evaluated the number of com-
munication events (emails or phone calls) between partic-
ipants and mentors. Evaluations were performed by three
different reviewers. To ensure unbiased findings, statisti-
cal analysis was blinded; with analysts being unaware of
which group participants were assigned to until the study
analysis was complete.
Quality of scientific writing
Manuscripts were analyzed by three expert reviewers: a
nurse, a research technician, and a clinical epidemiologist.
Prior to the study, reviewers participated in a preliminary
session in which they rated ten examples of Introduction
and Discussion sections using the SSQS scale. The scale
included criteria such as focus; logical connection among
portions of text; choice and arrangement of words (reada-
ble vs. awkward); writing mechanics (usage, grammar,
spelling); content (engaged vs. uninvolved, acknowledg-
ment of alternative points of view vs. single-mindedness);
clarity of purpose and appropriateness of tone for the
intended audience (clear vs. unclear purpose, language
and tone appropriate and consistent); organization and
development (support and elaboration, completeness,
correct use of paragraphs); and style (sentence structure,
concision, daring vs. safe). Disagreements were resolved
by consensus. All criteria were graded on a scale of 1 to 5.BMC Medical Education 2009, 9:27 http://www.biomedcentral.com/1472-6920/9/27
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Satisfaction scores
Self-reported satisfaction was measured using a 5-point
Likert scale, participants responding to statements con-
cerning their satisfaction with the course on a scale from
"strongly disagree" to "strongly agree" (1 = Strongly disa-
gree, 2 = Disagree, 3 = Neither agree nor disagree, 4 =
Agree, 5 = Strongly Agree).
Communication events
Communication events were defined as any interactions
between participants and mentors, by email or phone, for
the purpose of discussing manuscripts and receiving feed-
back. This outcome was considered secondary.
Qualitative study
Using a convenience sampling method, we enrolled a sub-
set of 16 novice researchers in a parallel qualitative study
designed to identify the challenges encountered by partic-
ipants in writing scientific manuscripts. They reported
their progress using a prescribed methodology, described
the problems they encountered, and identified their areas
of greatest and least competence. Focus group discussions
were transcribed using conventional qualitative analysis
techniques. The results of this study have been reported
elsewhere. [28]
Covariates
Potential confounding factors included age, gender, mar-
ital status, course of study, previous experience with scien-
tific writing, and choice of writing section (Introduction
or Discussion).
Statistical Methods
Calculations were performed using means and standard
deviations for continuous variables, and frequencies and
percentages for categorical variables. Efficacy was meas-
ured by analyzing the variance of SSSQ and satisfaction
scores. SSQS scores were normalized from 0 to 100. An
intention-to-treat protocol was preserved. We did not pre-
vent students from employing other methods to improve
their writing. Inter-observer reliability was assessed using
Fleiss's kappa, then the two groups were compared by way
of non-parametric tests for each domain of the SSQS
scales using Intercooled Stata. Analysis was performed
with GNU-R. A combination of kappa statistics was used
to measure inter-observer reliability. This was followed by
non-parametric tests comparing the groups' scores.
Results
Participant Flow
63 participants were initially enrolled after signing
informed consent, of which 15 dropped out before rand-
omization due to time constraints. The remaining 48 were
randomly assigned to two groups of 24 each.
Recruitment
Participants were recruited between September 2005 and
July 2006, with follow-up ending in November 2007.
Baseline data
There were no statistically significant differences between
groups with respect to age, gender, marital status, course
of study, choice of writing section or previous experience
(Table 1). Participants were balanced regarding gender
distribution, mostly single, and with no previous experi-
ence writing scientific manuscripts. Most participants
used the Introduction as the section used for participation
in this study.
Outcomes and Estimations
Excellent inter-observer reliability was found among the
three reviewers, with an Intraclass Correlation Coefficient
of 0.93. Writing quality measured by the average SSQS for
the on-line group (75.3 ± 14.21, ranging from 37 to 94)
was lower than that of the standard group (47.27 ± 14.64,
ranging from 20–72) (p = 0.0017), and participants in the
on-line group were more satisfied with the experience (4.3
± 0.73, ranging from 3 to 5) than their counterparts in the
Diagrammatic representation of the method implementation Figure 1
Diagrammatic representation of the method imple-
mentation.BMC Medical Education 2009, 9:27 http://www.biomedcentral.com/1472-6920/9/27
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traditional group (3.09 ± 1.11, ranging from 1 to 5) (p =
0.001).
Post hoc analysis revealed that participants in the tradi-
tional group reported fewer communication events (0.91
± 0.81) than the on-line group (2.05 ± 1.23; p = 0.0219)
(Table 2). Also, participants with previous experience in
scientific writing made fewer errors than participants with
no experience (63.82 ± 18.60 vs. 59.48 ± 20.78 respec-
tively; p = 0.002). Reported satisfaction and quantity of
communication were not significantly affected by previ-
ous experience. For all other variables, including as gen-
der, marital status, course of study, choice of writing
section and attitude toward the writing process, the two
groups were comparable and there were no significant dif-
ferences (Table 3).
Discussion
Our study found that the on-line scientific writing group
performed significantly better than the standard writing
guidance group in terms of writing quality, also reporting
greater overall satisfaction. The on-line group also
reported a greater number of participant-mentor commu-
nication events in the post hoc analysis. Because this was
not the primary objective of this study, it should be inves-
tigated further to understand the effects of on-line learn-
ing on collaboration and group instruction. A
significantly lower error rate occurred among participants
with previous scientific writing experience, but reported
satisfaction was unaffected by writing experience. Inter-
observer reliability for the results of this study was high.
The use of Google Docs clearly enhanced participants'
familiarity with an increasingly popular method of collab-
oration, as well as improving the mentors' efficiency.
Web-based education has become increasingly popular
over the past decade. Multiple studies have evaluated the
effectiveness of Web-based and other computer-assisted
teaching methods. Although they have mainly addressed
distance education, [23,27,29] broad comparisons to this
study are possible, as distance education often includes
Web-based or other computer-assisted education. Signifi-
cant advantages of on-line teaching methods over tradi-
tional classroom methods have been previously
demonstrated, [28,30-33] on-line instruction producing
enhanced performance, [30,34] cognitive gains and
higher satisfaction, [32] and improved test scores. [31] For
example, in one study [31] students who were provided
with Web-based educational materials obtained higher
scores than those who were not provided with similar
materials. It has also been shown that computer environ-
ments are conducive to the presentation of visual material
that tends to benefit students. [29,35,36] Nurses have
shown a greater willingness to adopt Web-based method-
ologies, [37] and they consider the benefits to far out-
weigh their disadvantages.48
Although studies favoring traditional teaching over on-
line methods do exist, [23] studies yielding neutral results
are more prevalent. A comparison of the two methods in
graduate-level courses in learning disabilities and other
curricula evaluated quality, test scores, cognitive gains,
and student performance, success and satisfaction, find-
ing no significant differences between distance education
using on-line materials and traditional classroom-based
Table 1: Baseline characteristics
Mean(Standard Deviation)
[Range Values]
Baseline characteristics on-line scientific writing workshop Standard writing guidance P value
Age 23.54(+/- 1.50) [9,10,23,27,29,30] 23.17(+/- 1.55) [9,10,23,27,29,30] 0.9248
Gender 0.6892
Female 13/48(27.08%) 14/48(29.17%)
Male 11/48(22.92%) 10/48(20.83%)
Marital status 0.4701
Married 1/48(2.08%) 1/48(2.08%)
Single 23/48(47.92%) 23/48(47.92%)
Course 0.768
Med 13/48(27.83%) 14/48(29.16%)
Nursing 6/48(12.5%) 5/48(10.42%)
PT 5/48(10.42%) 4/48(8.33%)
Previous experience research writing 0.574
No 16/48(33.33%) 18/48(37.5%)
Yes 8/48(16.66%) 5/48(10.42%)
Manuscript section
Introduction 16/48 (33%) 13/48 (27%) 0.685
Discussion 11/48 (22.0%) 8/48 (16.6%) 0.544BMC Medical Education 2009, 9:27 http://www.biomedcentral.com/1472-6920/9/27
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instruction. [10,22,26,38] Since on-line learning is
becoming increasingly prevalent due to its easy scalability
and flexibility in scheduling, even despite its current draw-
backs, on-line teaching methods will likely improve with
the emergence of new Web-based technologies and thus
need constant re-evaluation.
Student satisfaction is an important consideration when
implementing new teaching methods and the present
study finds greater satisfaction with on-line workshops.
Carr, [39] however, found that student satisfaction was
lower in Web-based distance education despite higher
rates of success. The author attributed this result to techni-
cal difficulties, including problems with internet connec-
tion and computer problems requiring the assistance of
engineers, which ultimately resulted in greater time
expenditure by students in the distance learning environ-
ment. Finally, on-line courses can also automate processes
such as test score collation, saving time by reducing fac-
ulty workload and thus providing students with faster
feedback. [40]
Student-mentor communication was higher in the Web-
based group, indicating a more open atmosphere for com-
ments and criticism. Earlier studies evaluating students'
reactions toward distance education have documented
feelings of loneliness and frustration, and have cautioned
against a shift away from traditional modes of group
learning. [41] However, this trend is likely to change as
students that have grown up surrounded by Web applica-
tions as part of their life enter distance learning programs.
These students are more likely to offer critical suggestions,
facilitating beneficial changes to the curriculum. [42,43]
Mixed results for performance advantages and decision
making have been noted on a variety of tasks in computer
mediated versus face-to-face learning environments. [44]
Contributors to these mixed results included factors such
as participants' prior experience with on-line courses,
their grades, [34,37] computer competency, [45] and idi-
osyncratic interactions with a given system of instruction
as well as instructor skills, [46] the presence or absence of
supervision, [47] and the relatively slow diffusion of Web-
based technology as described by Karl Pajo and Catherine
Wallace. [25] Web-based learning is a maturing technol-
ogy, and early studies may have suffered from poor pro-
gram design and students' lack of familiarity with on-line
environments, as shown in a study by Spooner. [29] This
study analyzed student response to the two types of
instruction, and, interestingly, results for one parameter
(class organization) were contradictory: Traditional meth-
ods were rated superior in one of the two courses studied,
while distance education was favored in the other.
The use of Blackboard™ http://www.blackboard.com/, a
Web-based learning system, has been proven effective in
helping students write research papers. [48] However, in
this system, access is limited to registered candidates or
institutions, preventing collaboration with outside
researchers who might be working on the same project.
Also, while the system is useful for tracking students' use
of course materials and monitoring their progress, it is not
open-source and can be costly to implement. The present
study used Google Docs http://docs.google.com/, which
is a freely available interface for sharing, editing, and
tracking on-line documents. We are not aware of any
existing previous study making use of Google Docs for the
purposes of scientific writing. Scientific writing demands
collaboration, in the form of back-and-forth communica-
tion with collaborators, peers, mentors and outside
researchers. Given this requirement, Google Docs is an
excellent solution that precludes the time-consuming
compiling of multiple iterations of text that occurs with
the exchange of documents via email or hard copies.
Despite significant advances in relation to the previous lit-
erature in the field, our study has limitations. First, the
number of potential confounding factors we could track
was limited, and did not include subjects' prior participa-
tion in on-line courses, their grades, [34,37] proficiency
with computers, [45] and interaction with the system of
instruction, as well as instructor skills [46] and the pres-
ence or absence of supervision. [47] Examining these fac-
tors was beyond the scope of this study. Second, our
mentors were not blinded, which may have resulted in
bias. Because it was not possible to maintain blinding in
Table 2: Association between the two groups and the outcomes
Mean
(Standard Deviation)
[Range Values]
Mean
(Standard Deviation)
[Range Values]
Outcome on-line scientific writing workshop Standard writing guidance P value
SSQSavg 75.3(+/- 14.21) [37–94] 47.27(+/- 14.64) [20–72] 0.0017
Satisfaction with method 4.3(+/- 0.73) [3-5] 3.09(+/- 1.11) [1-5] < 0.001
Number communication events with mentor 2.05(+/- 1.23) [1-6] 0.91(+/- 0.81) [0–3] 0.0219BMC Medical Education 2009, 9:27 http://www.biomedcentral.com/1472-6920/9/27
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the study's early stages, we ensured that the final statistical
analysis was blinded for an unbiased interpretation of the
results. Third, our study did not evaluate participants' per-
ceptions of their own performance. Several earlier studies
have demonstrated that, although the two methods are
comparable in terms of performance, [[9,36,42,43], and
[49]] the same consistency is not seen in the participants'
perceptions of their own performance. [50-52] While the
present study did not include a parameter for self-assess-
ment, reports of satisfaction provide a rough correspond-
ence. Last, our current study used the SSQS scale for
measuring manuscript quality without this scale having a
formal cross-cultural validation. As we did not have a
large enough sample to conduct a stratified analysis, it is
unclear whether language might have affected our out-
comes.
Future studies should address the problems associated
with using imperfect measurement scales such as SSQS,
which is prone to subjective bias, and tools should be
developed to objectively measure writing quality. The lack
of tools to objectively evaluate manuscript quality and
participants' self-assessment makes it difficult to interpret
the results of this type of study. Thus, developing tools
that consistently evaluate participants' perceptions of
their own performance, as well as objective measurements
of the quality of scientific writing, could prove beneficial.
Several other factors are also found to influence the out-
come of this type of study, including participants' previ-
ous experience with on-line courses, their grades, [34,37]
computer competency, [45] and interaction with the sys-
tem in question, as well as instructor skill [46] and the
presence or absence of supervision. [47] Future studies
should enroll participants in sufficient numbers to stratify
comparison groups according to these factors.
Conclusion
This study suggests that the on-line scientific writing
methodology was superior to traditional classroom-based
instruction, which suggests that reservations concerning
Web-based instruction should be reconsidered. Web-
based workshops also resulted in reports of greater satis-
faction among participants, although the generalization
of this result should be tested in future studies. We there-
fore strongly encourage the use of on-line environment to
provide a highly scalable method to educate the next gen-
eration of biomedical research.
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4 1.08 +/-(0.99) 0–3 3.67+/-(0.98) 2–5
5 1.33 +/-(0.57) 1–2 3.67+/-(1.52) 2–5
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Female 1.52 +/-(1.32) 0–6 3.6 +/-(1.22) 1–5
Male 1.35 +/-(0.93) 0–4 3.76+/-(0.97) 2–5
Marital status 0.289 0.9655 0.7156
Married 1.5 +/-(0.70) 1–2 4 4–4
Single 1.45 +/-(1.19) 0–6 3.65+/-(1.14) 1–5
Course 0.5727 0.4723 0.05372
Med 1.44 +/-(1.04) 0–4 3.4 +/-(1.08) 1–5
Nursing 1.87 +/-(1.88) 0–6 4.25+/-(0.70) 3–5
PT 1.11 +/-(0.60) 0–2 3.89+/-(1.36) 1–5
Previous experience research writing 0.002 0.1046 0.3920
No 1.29 +/-(1.00) 0–4 3.61+/-(1.05) 1–5
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